###### Strengths and limitations of this study

-   Clinically important question that is centred around patient care.

-   Protocolised care will not be instituted.

-   Pragmatic trial applicable to parturients undergoing spontaneous vaginal delivery or caesarean section.

-   Clinical effect size will not be adequately captured in this pilot study.

-   Study conducted in a high-resourced quaternary care centre may not be as generalisable to lower-risk centres with less obstetrical support.

Introduction {#s1}
============

Postpartum haemorrhage (PPH) is the leading cause of maternal morbidity and mortality worldwide. Clinically, PPH is defined as blood loss greater than 500 mL after spontaneous vaginal delivery (SVD) or greater than 1000 mL after caesarean section (CS).[@R1] Although a number of treatments exist, severe haemorrhage and subsequent maternal morbidity and mortality are an ongoing concern, particularly in low-income countries.[@R2] There is a demand for a safe, low-cost, effective therapy that can be administered in a wide range of healthcare settings to reduce the incidence of PPH.[@R3]

The worldwide incidence of PPH is estimated to be between 6% and 11% with substantial regional variability.[@R4] The incidence of PPH is greatest in low/middle-income nations, particularly in sub-Saharan Africa where it can be larger than 30%.[@R2] Yet, developed nations are experiencing an increasing rate of PPH in comparison to low/middle-income nations.[@R6] The apparent causes for this increase are still not fully understood.[@R11] In the USA, PPH has increased 26% between 1994 and 2006 from 2.3% to 2.9%.[@R10] In Canada, PPH rates have increased 22% between 2003 and 2010.[@R9] In particular, the incidence of PPH that requires blood transfusion has increased from 36.7 to 50.4 cases per 10 000 deliveries in the same time period.[@R9] Similarly, PPH resulting in hysterectomy has increased from 4.9% to 5.8%.[@R9] Following these trends, the overall severe maternal morbidity rate between 2003 and 2011 has increased from 14.2 to 15.4 cases per 1000 deliveries in Canada.[@R12] PPH, blood transfusion and hysterectomy are principal causes of maternal morbidity---all potentially inter-related outcomes.[@R12] Although maternal mortality is relatively rare in developed nations, PPH may be implicated in up to 27% of all cases.[@R13]

Economic burden of PPH {#s1a}
----------------------

Unfortunately, there is a paucity of published data on the true economic impact of maternal haemorrhage. However, as PPH, blood transfusion and hysterectomy are all inter-related and primary drivers of maternal morbidity, even one PPH case is assumed to bequeath a substantial economic burden on society. In a recent economic analysis from the USA, the cost of PPH increased the average direct hospitalisation costs of the delivery from US\$5000 to approximately US\$90 000.[@R14] Thus, when factoring multiple potential long-term sequelae of PPH along with treatment complications, there is a significant economic impact towards healthcare costs.

In low/middle-income nations, this effect is even more evident. Morbidity and mortality rates from PPH are devastating, affecting approximately 300 000 women and resulting in 72 000 deaths yearly in sub-Saharan Africa alone.[@R3] Maternal morbidity of a single individual in specific African nations was found to reduce the per capita GDP by US\$0.36 per year.[@R15] Given the role of PPH in maternal morbidity, the economic burden on low-income and middle-income nations can be substantial.

Tranexamic acid {#s1b}
---------------

Tranexamic acid (TXA) is an antifibrinolytic agent commonly used to treat and/or prevent blood loss from surgery, trauma, haemophilia and heavy menstrual bleeding. TXA works by blocking the breakdown of blood clots (fibrinolysis), which prevents bleeding. It prevents the conversion of plasminogen to plasmin.[@R16] The recommended dose of TXA for the treatment of PPH is 1 g, and the cost of TXA is US\$4--6/g.[@R17] Assuming that this intervention can produce even a modest absolute risk reduction of 1.55%, the number needed to treat (NNT) or prevent one case of PPH would be 64.5. The cost of this intervention per NNT is US\$322.50. Comparatively, the direct relative average cost savings can be up to US\$85 000 if one incidence of PPH is avoided. The economical application of prophylactically using TXA in this clinical scenario in North America, should it be efficacious, is therefore crucial.

Evidence gaps in the prophylactic use of TXA for PPH {#s1c}
----------------------------------------------------

TXA appears to be a suitable target for therapeutic action to help prevent the onset of PPH. In addition to being cost-effective, it has a proven safety profile and has become the drug of choice to reduce haemorrhage in numerous clinical settings.[@R18] There are several small randomised controlled trials (RCTs) that have assessed whether a prophylactic loading dose of TXA can prevent haemorrhage among parturients. Three recent systematic reviews on the topic have determined that although its pre-emptive use is associated with a reduction in key bleeding outcomes in both SVD and CS, firm conclusions could not be made due to uncertainties related to study design.[@R3]

World Maternal Antifibrinolytic Trial (WOMAN trial), a large pragmatic international RCT, modelled after the CRASH-2 trial, was recently published to determine if TXA can reduce mortality in patients who have established PPH.[@R24] The investigators of this trial identified a significant decrease of 19% in death from bleeding in patients with established PPH. Despite this large effect size, the trial design does not inform us of whether a prophylactic dose of TXA will be effective in preventing PPH from occurring in the first place; hence, the need for this study.

The TRAnexamic Acid for Preventing postpartum hemorrhage after vaginal delivery (TRAPP trial) trial is a French RCT currently underway to assess the effect of a prophylactic dose of TXA on PPH in SVD patients.[@R13] Unfortunately, this study has limited external validity since it only includes patients undergoing SVD, and does not capture women undergoing operative deliveries. In addition, there are many exclusion criteria, the investigators use in their study design which would make any results of this trial less generalisable. Finally, the characteristics of disease incidence are not congruent with those in found in a North American setting, and thus the sample size calculated for the study is based on much higher rates of PPH.

Rationale for this pilot trial {#s1d}
------------------------------

Preventing PPH and its subsequent sequelae is an important clinical and economic goal. The application of TXA has been well studied for the treatment of PPH, however, its role in prevention is not well understood. A recent Cochrane systematic review assessing all RCTs using TXA for the prevention of PPH was able to identify 12 studies, all of which were conducted in low-resource and middle-resource settings, with enrolment of less than 1000 parturients.[@R22] Currently, there has not been a study in the North American setting, and thus recruitment and patient involvement in such a study protocol is unknown. Furthermore, these small-scale RCTs have significant variability in their collection of adverse effects. For example, Abdel-Aleem *et al* identified that 74% of patients in the TXA group had adverse reactions, whereas, a similar study intervention protocol by Yehia *et al* showed that adverse reactions were not experienced by any patients.[@R25]

An adequately powered double-blinded RCT that compares TXA to placebo is required to identify the efficacy of TXA in the prevention of PPH, however, there is currently insufficient, heterogeneous evidence to support a large-scale RCT. Thus, this pilot study is a feasibility trial to elucidate the logistical challenges of administering this intervention, and the possible pitfalls prior to devoting significant resources to execute a full-scale multicentre trial.

Hypothesis {#s1e}
----------

The administration of TXA to parturients prior to delivery is feasible and safe in highly regulated healthcare settings.

Specific aims and objectives {#s1f}
----------------------------

This double-blinded pilot RCT will determine the feasibility and safety of administering TXA to parturients undergoing both SVD and CS. The aim will be to identify challenges in recruitment, resource allocation and logistics of administering the intervention for facilitating the potential planning of a full-scale RCT. The secondary objectives of this trial will assess the impact of the intervention on specific clinical outcome measures.

Methods and analysis {#s2}
====================

Study design {#s2a}
------------

The Standard Protocol Items: Recommendations for Interventional Trials recommendations were followed in preparation for the protocol.[@R27] This study is designed to be a prospective pragmatic pilot, single-centred randomised, double-blind, placebo-controlled trial at Sunnybrook Health Sciences Centre (SHSC). All approved amendments to this study will be communicated to relevant parties (eg, investigators, study participants, trial registries).

Off-label use of TXA {#s2b}
--------------------

This trial involves investigating the off-label use of TXA. Health Canada approval (No Objection Letter) and SHSC Research Ethics Board (REB) approval have been obtained.

Duration of study {#s2c}
-----------------

The recruitment phase of this study will last for 4 months, beginning January 2018.

Patient recruitment and informed consent {#s2d}
----------------------------------------

Study inclusion and exclusion criteria are listed in [box 1](#B1){ref-type="boxed-text"}. Enrolment of patients will occur at SHSC, and study personnel will use multiple strategies to identify potentially eligible patients (ie, reviews of daily elective CS list, review of parturients admitted to the labour and delivery ward, regularly scheduled antenatal visits with obstetricians, screen daily preoperative assessment clinic lists, among others). This includes giving potential participants an information pamphlet at their clinical visits. This pamphlet will detail the background and nature of the study and contact information for individuals who are interested in enrolling in the study.Box 1Inclusion and exclusion criteriaInclusion criteriasingleton pregnancyconfirmed pregnancygreater than 18 years of age at time of consentgestational age \>320^0/7^ weeks.Exclusion criterialack of patient consentmultiple pregnancyhistory of eclampsia or pre-eclampsia in current pregnancyimminent delivery (\<2 hours) from presentation suspectedhistory of cardiovascular complications:coronary artery disease or myocardial infarctionrepaired or unrepaired congenital heart diseasevascular disease(s)severe unstable arrhythmia (eg, rapid atrial fibrillation, paroxysmal fibrillation, atrial flutter, among others)congestive heart failurecontraindication to tranexamic acid (TXA):history of venous thromboembolismactive thromboembolic diseasehigh risk of thrombosis (eg, factor V Leiden or protein C deficiency)acquired disturbances of colour visionallergy to TXAhistory of seizure disorderpre-existing haematuriahistory of renal insufficiencyunlikely to comply with follow-up (eg, no fixed address, plans to move out of town)prisoner status.

Patients will be approached to participate in the trial and then asked for informed consent and voluntary participation. Study personnel will ensure that patients understand all items outlined in the consent form prior to obtaining written consent.

Randomisation and blinding {#s2e}
--------------------------

A total of 58 patients will be randomised in this study to receive either TXA or placebo ([figure 1](#F1){ref-type="fig"}). SHSC pharmacy will create a randomisation sequence that is stratified based on expected mode of delivery. Those randomised to the TXA group will receive 1 g of TXA (10 mL) diluted in 50 mL of 0.9% saline (Total 60 mL), while those in the placebo group will receive 10 mL of 0.9% saline diluted in 50 mL of 0.9% saline (total 60 mL) (Omega Laboratories, Montreal, Canada). The products will be identically labelled with unique numerical identifiers and will be blinded to subjects, clinicians, investigators and data collectors/analysts. Excess and waste investigational products (IPs) will be returned to the pharmacy for appropriate disposal as per Good Manufacturing Processes and logged by the pharmacy.

![Study flow chart of patients consented and randomised to TXA or placebo. CS, caesarean section; SVD, spontaneous vaginal delivery; TXA, tranexamic acid.](bmjopen-2017-018586f01){#F1}

Study intervention phase {#s2f}
------------------------

For participants undergoing SVD, the TXA (or placebo) will be administered on delivery of the anterior shoulder. In participants undergoing elective-CS the TXA (or placebo) will be administered when the obstetrician begins to cleanse the incision site. For patients who were planning to have SVD and then require a CS, the TXA (or placebo) that was to be given during the delivery of the anterior shoulder will instead be given as per elective-CS direction (when the obstetrician begins to cleanse the incision site). In all cases, the TXA (or placebo) will be delivered through a secondary intravenous line into the main free flowing line.

Aside from the intervention of the TXA (or placebo), usual obstetrical care will take place as per the obstetrician and anaesthesiologist. Protocolised care will not be instituted, as this will detract from the pragmatic generalisability of the results. However, aspects of the obstetrical/anaesthesia care that will be important to the outcome will be collected through case report forms.

Follow-up and data collection {#s2g}
-----------------------------

Study personnel will complete a detailed chart abstraction to assess intraoperative events and major post-delivery adverse events. All data will be categorised as defined by the primary and secondary outcome measures. Data collection will also occur with follow-up phone calls at 6 weeks (±14 days) and 12 weeks (±14 days) post-delivery.

All data will be stored on secured SHSC servers. Only study investigators will have access to the final trial dataset.

Patient withdrawal {#s2h}
------------------

Patients may choose to withdraw at any time for the duration of the study. If the participant (or the substitute decision-maker) withdraws previously given informed consent or refuses to consent for continuation in the trial, the data collected to the point of withdrawal of consent will be used as part of the intention to treat analysis. Patients may also be withdrawn at the discretion of the investigator for any safety reasons.

All relevant adverse events identified will be reported as required as per Health Canada and SHSC REB Regulations.

Outcomes {#s2i}
--------

The primary outcome of this study is to assess feasibility of administration of the IP, and will be defined as 85% of randomised patients receiving IP. Further endpoints that will be assessed include the total time and cost required to randomise 58 patients and missed patients.

Secondary outcome measures assessing safety and clinical endpoints as described in [box 2](#B2){ref-type="boxed-text"} will also be collected.Box 2Secondary objectivesincidence of postpartum haemorrhage (PPH) incidence of severe PPH:requiring blood transfusionemergency hysterectomyoperative haemostatic proceduresadmission to intensive care unit (ICU)±disseminated intravascular coagulopathy within 24 hoursrates of blood product transfusion within 48 hourshospital length of staypostoperative complications (including thromboembolic and renal complications) at 6 and 12 weeksseizure within 24 hours post-deliveryacute kidney injury during initial hospitalisationICU admission during initial hospitalisationhealth status of newborn at 6 and 12 weeksminor adverse events (ie, nausea/vomiting, diarrhoea, dizziness, headache, light-headedness, visual disturbances or changes).

Risks to the safety of study participants {#s2j}
-----------------------------------------

In order to ensure safety, an interim analysis will be conducted approximately at the halfway mark of randomisation. The study is a feasibility trial and not powered adequately to detect for safety endpoints. However, safety will be determined by assessing if there is a significant difference in serious adverse events experienced by patients between the two groups. The results will be reviewed by an independent Data Safety Monitoring Board to ensure that the differences between groups are not larger than expected. If a larger than expected difference is found, the study will be stopped prior to the enrolment of the full sample size.

Sample size calculation {#s2k}
-----------------------

To achieve the primary outcome of feasibility as defined by having 85% of all patients randomised receive the IP, we calculated that 58 patients will be required to give us reasonable precision in our estimate of the primary outcome (95% CI 73.2% to 93%).

SHSC receives about 4500 deliveries per year. Assuming a conservative recruitment rate of 5% in eligible patients, we estimate that approximately 58 patients can be randomised in a little over 3 months. Should this recruitment be found feasible (and within the allotted timeframe), we estimate that a larger multicentred RCT could be completed in less than 2 years if only a handful of centres from the affiliate GTA-OBS Research Network are involved. This network oversees approximately 65 000 deliveries per year. Based on this, 3408 patients are required to be enrolled to have an 80% chance to detect a statistically significant decrease in the incidence of PPH, as represented by a 35% relative risk reduction.

Data analyses {#s2l}
-------------

For this pilot trial, statistical analysis will only be used to determine if there are gross differences between comparative groups, recognising they are not adequately powered to show a true effect. Demographic, feasibility, safety and clinical endpoints will be summarised and the appropriate measures of central tendency and dispersion will be presented (means and SDs or medians and IQRs). Categorical secondary feasibility, safety and clinical outcomes will be analysed using χ^2^ or Fisher's exact analysis. Continuous secondary feasibility and clinical outcomes will be analysed using a t-test for non-parametric continuous outcomes. For analysis of the secondary clinical endpoints, relative risk ratios and 95% CIs with two-sided p values of 0.05 will be considered significant.

Ethics and dissemination {#s3}
========================

Safety considerations {#s3a}
---------------------

TXA has an excellent safety profile, yet because it inhibits fibrinolysis, there are concerns that it may increase the risk of venous and arterial thrombotic events, especially in patients with a previous history of thrombosis and or in patients with a baseline risk that is already elevated ([box 3](#B3){ref-type="boxed-text"}). However, a recent systematic review which examined the use of TXA among surgical patients found no significant increases in the incidence of myocardial infarction, stroke, deep vein thrombosis or pulmonary embolism.[@R18] Similar results were also shown in a recent meta-analysis among orthopaedic surgical patients, with the caveat that most of the included studies excluded patients with a history of cardiovascular disease, thromboembolic events or renal failure with S-creatinine level \>250 μmol/L.[@R28] The CRASH-2 trial that investigated the use of TXA in bleeding trauma patients showed a statistically significant reduction in global mortality with no increase in thromboembolic events.[@R24] WOMAN trial, as discussed above, did not show that the use of TXA had any effect on the incidence of thromboembolic events, organ failure, sepsis or seizure in the more than 20 000 patients studied.[@R29] Box 3Known possible reactions to tranexamic acidKnown possible adverse events\*gastrointestinal disorders: gastrointestinal symptoms (nausea, vomiting, diarrhoea) occur but disappear when the dose is reduced;nervous system disorders: dizziness, reduced blood pressure, seizures;immune system disorders: allergic dermatitis;eye disorders: impaired vision, blurred vision or colour vision impairment (chromatopsia);vascular disorders: thromboembolic events (acute myocardial infarction, thrombosis, arterial thrombosis limb, carotid artery thrombosis, cerebral infarction, cerebrovascular accident, deep vein thrombosis, pulmonary embolism, cerebral thrombosis, acute renal cortical necrosis and central retinal artery and vein obstruction).[^1]

It should be noted that TXA crosses the placenta. However, after an intravenous injection of 10 mg/kg in the mother, the concentration only rises to a maximum of 31 µg/mL of foetal serum.[@R30] Similarly, TXA also passes over into the breast milk during lactation in concentrations 1/100 of the corresponding serum levels.[@R30] Still, TXA is already commonly used in much higher doses among neonates and newborns who undergo immediate cardiac surgical procedures after birth---thus, there is some safety data on its use in these patients. In fact, a recent study examining the effects of pharmacokinetics of TXA in neonates (some even 2 days old) were given induction doses of 100 mg/kg doses of TXA intravenously followed by 10 mg/kg/hour throughout the surgery.[@R31] Plasma concentrations were on average well beyond 200 µg/mL in such patients on average.[@R31] This study, as with other studies on the use of TXA in such patients, have yet to report any increased risk of thrombosis or seizures related to the high dose use of TXA in newborns.[@R31] However, the evidence supporting this routine use is considered weak.[@R34] As a result, we have designed close monitoring for these events in our study in the newborn.

A prospective study conducted in women who continuously took oral TXA in the postpartum period demonstrated no increase in adverse long-term outcomes in infants exposed to TXA through breast feeding; suggesting a very low drug exposure and further supported the notation that women should continue breast feeding while taking TXA.[@R35] It is highly unlikely that this conclusion will be any different among newborns who are exposed to breast milk from a mother who received only a single dose of TXA at delivery.

Finally, among three different recent systematic reviews on the prophylactic administration of TXA, there was no increase in major adverse events and/or venous or arterial thrombotic events detailed among both the mother in almost an aggregate of 2000 patients who received a prophylactic dose of TXA prior to delivery.[@R3] Similarly, in the above systematic reviews, where in almost all cases TXA was given while the baby was in utero (prior to delivery), no obvious side effects were described in the newborns. Yet, reporting may have been suboptimal as these outcomes were not explicitly assessed. Thus, an important safety endpoint will be to closely monitor for major side effects in both the mother and the newborn both in the immediate and later postpartum periods.

Ethical considerations {#s3b}
----------------------

All participants will be recruited in the antenatal period, prior to labour. They will receive detailed information regarding the study drug, its possible adverse effects and the possible effects on the fetus. Adverse events will be tracked in real time, and reporting will occur following institutional and Health Canada guidelines.

Dissemination {#s3c}
-------------

The trial data will be analysed and disseminated at scientific meetings, and in international peer-reviewed scientific journals. Safety and adverse event data will be reported to Health Canada where appropriate.

Discussion {#s4}
==========

This pilot study will elucidate the feasibility for the prophylactic use of TXA for the prevention of PPH. It will also facilitate the development of a full-scale RCT that assesses the pragmatic utility and possible benefit for routine use of TXA in preventing PPH. Despite major resource investment in health system coordination and improved access to blood products in high-income settings, incidence of PPH continues to increase, resulting in significant maternal mortality and morbidity. Findings from WOMAN trial identified a simple, inexpensive, effective and safe intervention in decreasing mortality from PPH. The morbidity of PPH, is nevertheless borne by parturients including requirement of blood product transfusion, operative haemostatic procedures and increased lengths of stay in hospital. TXA has been shown in the orthopaedic and cardiac elective surgery groups to be an effective, inexpensive preventative tool for blood product administration and subsequent morbidity associated with significant blood loss. Transformation of obstetric care and maternal health, particularly in mitigating the risks from PPH and blood loss in low-income, middle-income and high-income settings relies on prevention. TXA may play an important role in the continuing support of such a transformation.

This pilot study focuses on generalisability of results, and identifies the feasibility of TXA administration, along with providing important safety surveillance. The focus on management in high-resource settings is particularly imperative because of increasing incidence in the context of changing demographics of parturients. The study design also avoids sampling bias and measurement bias, by avoiding protocolised care.

Given the nature of the study, there are some challenges and limitations to data collection and reporting. The pilot study format is small, and the secondary outcomes have low incidences in general. As a result, clinical effect size will not be adequately captured in this pilot study. Furthermore, the intervention product delivery does not directly reflect normal current practice, and thus may not produce the same external validity. Finally, the setting that the trial is placed in a unique quaternary care centre with high-risk obstetrics, and represents a further stratification in high-resourced settings. Indeed, the feasibility data from this study may not be easily generalisable to lower-risk centres that do not have access to dedicated anaesthesiology, obstetrical and pharmacy support---however may allow for further study in which a more heterogeneous obstetrical care centres are involved.

The outcomes of a larger study can affect significant transformative change in maternal health and work towards meeting the redefined Millennium Development Goals of decreasing the maternal mortality ratio by three-quarters. The outcomes of WOMAN trial and its all-encompassing positive results for the usage of TXA underscores the importance of assessing safety and efficacy of an inexpensive, easily accessible medication in supporting women's health. In various parts of the world where heterogeneous practice environments exist, the effect of a large, generalisable study assessing the prophylactic use of TXA for safe obstetric care may have far reaching consequences on improving maternal haemorrhage.
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[^1]: \*Information obtained from the Omega Laboratories product monograph for tranexamic acid injection (dated 30 August 2012).
